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A COMPUTER-BASED SYSTEM FOR STURMES IN LLARNING
by Donuld R. Gentner, Mark R. Wallen, and Patricia L. Miller
University of Californis, San Diego

La Jolla, California 92037

INTRODUCT 1ON

-._épr scﬁdies of learning hdﬁé sevétallmajot fo:t.Av_First, how 1is
infoymation stored in the human @e@ofy system: how is new information in-
tegrated with the existing knowledge? Second, what are the mechanisms
used by the learner to select information from che 1earning environment
and- integrate it with his existing knowledge structure? ‘Third, how does
the tutor model the knowledge state of the student and use that model to
guide the cutorial dialog?

We have recently deyeloped the FLOW system,'a 'vlt;purpogé_facility

for studies of the learning process. Some of the work with the FLOW system

has been described previously (Norman, Gentner & Stevens, 1974; Norman,

Gentner & Stevens, in press). This report will be concerned primarily

. with the development of an automated tutor which coustructs a simple model

of the student and uses that model to assist the student when needed.

Overview of the system

FLOW is a simple, interactive computer language whose commands are
designed for string manipulation. Although FLOW is not intended for prac-
tical computer applications, it shares many important properties with com-
mon computer languages and is particularly suitable for our studies in
learning. The section on the FLOW language describes the language in detail.

The FLOW system is based around a minicomputer. A cathode ray tube
(CRT) display terminal for the student is attached to the minicomputer. The
experimenter, who is normally in another room, can monitor the student's
terminal on a television display. The minicomputer is connected to a large

computer in which the automated tutor program resides. The experimenter
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has a terminal connected to the large computer ﬁhich he can use to inter-
act with the automated tutor pfégram and, through that program, with the
student. Thefe are alsp facilities‘for recording complete protocols of
the experimental session, The cquipment used in the FLOW system is des-
é:ibed.in detail in the section on Hardware.

Over the past few yeéfs, a number éf differenf épproachus havé.
been taken towards the development of computer-based instructional ~ystems.
These qutems can be senerally classed as one of three types. The first
and most ¢ ommon type is based on the sequence: present text, tes;;'and branch,
The student {5 given a séction of tékt‘matétial'ahé then tested on that
materiél,uéuaitylgith a ﬁglﬁiplg‘choicé'teéﬁ.. Depehding'on”tﬁe result of
the test, the student can either be given the next text in SeQueﬁce, or be
~sent back to a previous section .or be side-:racked to a remedial section.
The second type of qyﬁtem is often called a generative syqtem. The SCHOLAR
system originally developed by Carbonell (1970) is a fine example of a
}generative system, Here the information (texts, qdeétions and answers) are
not explicitly stored, but instead there is a database in which information
about the subject matter to be taught is stored as a semantic network. Gen-
erative routines in SCHOLAR can access the database to prepare text or ques-
tions for the student or to answer questions from the student. A third type
of computer-based instructional system is the simulation system. In this
tvpe the computer is programmed to simulate some domain of interest, such
as a regulated power supply (Brown, Burton & Bell, 1974) The student has
a number of operations he can perform on the simulation and learns by see-

ing the results of these operatiens.
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A&tua!ly, Brown's system can also carry on simple dialo&s with the
student. Our FLON ayqtem takes a ;imilar approach, giving the student an
interactive domain to experiment with (an implementation of the FLOW
language) and tutorial assistance, (For examples of related svstems see
Barr, Beard & Atkinson, 1974; Kof fman, Blount thkey, Perry & Wei 1973;
Go}dberg, 1973 Y The autcmated tutor in the FLOW system, houever, dif fers
cowqiderably from previous sys:ems In some  preliminary experiments, the
student learned FLOW primarily from written instru.tions, entered his pro-
grams‘into the Cdmputer and modified his prdgraﬁs-baséd"on the results,
Meanwhile a human tutor was watching over the shoulder of the student
and would answer questions ot interrupt if the qtudenh appeared to be
having difficulty. The automated tutor is meant to duplicate the func-
tion of that human tutor., The student écill Iéarhs primarily from writtén
instructions, buc :he autotutor tries to follow~hie progress and keep
track of where he is in :he instructions by moni:oring what he types into
:he computer, The student need not follow the written instruccions exact-
'iy, but may move back or skip ahead, The autotutor will try to follow and

be ready to give appropriate help if the student gets in trouble.
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THE FIO& LANGUAGE

Origins

The FLOW languagé was origidally deve}oﬁed by Professor Jeffrey
Raskin of thé.Visdal Arts Department at UCSD. He wanted to teach coﬁpucer
programming. to humanities students who often efther had little experience
with, or actively diéliked mathématics and computers. FLOW was conceived
as an introduc:ory compucer language that would he non-threatening and
easy to understand while still pos.  ing the basic functions and construc-
tions of typical cbmputeyllanguages;v After first 1ea:ﬁing ?LCW, the stu-

dent would then go on to a standard .anguage such as BASIC (Raskin, in press).

Table 1 shows the commands and statements in the implementation of
‘FLOﬁ used in these experiments. (Afcer the experiments described .in this
report, we renamed most of the FLOW commands and statements to make them
more mnemonic. See the section on Subsequent Developments.)

In our implementation of FLOW, the student's terminal is connected
to the minicomputer via a ful!nduplex link., This means that when the stu-
dent presses a key on his terminal, the character is first sent to the mini-
computer, examined by the computer and then echoed back for display on the
terminal, This arrangement allows two interesting features. The first
featvre is called “typing amplification®” by Raskin. As soon as the mini-
computer can unambigucusly recognize a command or statement from the char-
acters input by the student it supplies the remaining letters of that

command. Since most FLOW commands begin with different letters, it is
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usually nécessary to type in only the first letfer of a statement. With
the commands and statements l1isted in Table 1, only the underlined letters
need to he typed in, the computerlwil§ supply the rest. Second, since the
computer can examine each character Before displaying it on the terminal,
syntactically incorrect characters can be rejected. = Together these two fen-
tures virtually eliminate typing and syntactic_errdrs;‘twa na jor su;rces'af
frustration for beginning programmers. To iliustra:e how they work,‘suppuse
a qtudent is entering hiq program. Aftet comp!eting @ line, the computer
does”a"ga:riage return and line féeé, ptoViées‘a new 11#& npmbgr apd'thén waits
for 4 student 'mpac‘. "At this point t‘hé'm‘fﬁic‘@c‘:e:'wir‘t""éccéot any "1é'c:e"r
which begins a FLOW command or statement or a number (indicafing‘tﬁat the stu-
dent wants to change the line number). If the student pressés the *"'p» key
thé word “PRINT* is displayed on the terminal and the minicampucer waits for.
- a Jegal complétion of a PRINT statement. (The legal characters at this poinﬁ
are i, ', and R). If the student then presses "J“, thé minicomputer witl |
momentarily display a "J" with an audible tone then backspace, erase the "y
~and wait for a iegal character., An "I" will be accepted as a legal character,
the minicomputer displays "IT" does a cuarriage return, linefeed, displays a new
line number and waits for the next statement. It {s not a recommended pro-
gramming practice, but as a graphic demonstration of these two features, it
i{s possible to bang away at the keyboard, and always produce syntactically
correct, executable FLOW programs, although, of course, there is no guarantee

of what they will do.
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Advantages of FLOW for jearning Studies

FLOW has a number of advantages as a subject matter for use in stud-
tes of learniﬁg. Along with other computer languages, FLOW involves Soth
.cohceptual and procedural knowledge. It is problem oriented, There are a
large variety of problems that can bz posed to exe:cise the stu&eﬁt's
deVelbping knowledge. The lénguage itself and the tasks form a small, concise,
andnwe}i defined badyvof-knawledge“ Thevstatemenﬁibf a problem and what con-
stitutes an néceptab}e solution are normally fajyly glgér, alghdugh tbere’may
;; some debate about thg qug}ity Of_9 pa?Ff¢9]atw5°1“¢§°ﬂ5 "The,ﬁtvdeﬁtsj‘““‘
most of our stud;eé were univetsi;y_uqdeggraduates,'and it is relatively easy
to find susjects from that group with lictle or no experience with computer
languages.

' FLOW also has some uniqué advantage§ as a subject matter, w1th'tyPing-
a@plification and the rejection of éfntactipatly fncorrect charaéters, two
méjor sources of uninteresting errors are'éltminated, The errors we are left
with are concerned with the meaning of individual statements and how groﬁps
.of statements interact, Sincg FLOW is quite a simple language, a lot of in-
teresting learning takes place within the first hour. The subject matter
is complex enough, however, to require up to 10 hours to master, This forms
a convenient time span for experimental studies. Subjects usually enjoy
learning FLOW with its interactive nature and low level of frustration,
and are highly motivated to learn,

The last advantage of FLOW derives from the fact that it is primarily

a computer mediated task. This leads naturally to the possibility for
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computer interaction during the instructionatl seﬁuence and té'easa of co'lec~
tion of experimentai data., Also since the task is primarily verbal, it is
easy .to collect detailed protobols of the tutorial interaction and attempts

at prablém solving for later analysis,
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HARDWARE .

-Alfhough this report is ccncérned mainly with the automated tutor;
the FLOW systém is désigned fof a number of different types of experimental
studieé. Figure 1 is a schematic diagram of our equiﬁment. The équipmen:
(except for the B6700) is located in two adjoining expeiimental booths.

The system is based around a Microdata 810" minicomputer with 24K
bytex 813 memory (the applications described here require only SR hyces)
The student works at a Scientific Measuring Systems 16&0 CRT terminal con-
aecced ‘to the minicomputer via a full-duplex 1200 baud (120 characters
per“seééﬁd)”ligk; A video output from the CRT terminal is conmected
to a video monicor in the experimenter s booth duplicating the display
on the student's terminal, The signal going from the minfcomputer to
the student’s terminal which contains allﬂof”tﬁe.information.to be dis-

- played on the :erminal including vertical and horizontal spac;ng also
-goes to a recording unit, This consists of a modem converting the dig-
ital signal produced by the minicomputer into a sequence of'tones which
are then recorded on an audio tape recorder. The tape recorder can
record up to four tracks of information such as verbal comments from
the student and tutor in addition to the terminal display, Later when
the tape recording is played back through the modem, the tones are con-

- verted back into digital signals which faithfully duplfcate the experi~
mental session on the CRT terminal.

The automated tutor oart of our system .s contaiﬁed in programs

' residing on the UCSD's Burroughs 6700 computer, which is connected to

our minicomputer via two half-duplex 4800 baud lines. (The two half-
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duplé% lines can be replaced with a single full-duplex connection when
the system will support full duplex ) The B6700 computer is also con-
nected to aTektronix 4010 display terminal in the expérimenter's booth
which is used to program the B6700 and to communicate between ekperimenw
ter and the automated rutor during tutorial sessions, In addition the
B6700 prepares a‘protoeoi of thertuéorial séssion‘for later anéiysis.
The experimenter s booth also contains a keyboard and Teletype cerminai
which are used to communicate with the minicomputer | |

The minicomputer controls most of the flow of 1nformatinn It
monitors ‘the student‘s keyboard, interprets, and runs his programs,
and writes on the student s diSpIay screen. Input from thevscudent is
summarized and sent to the automated tutor on the B6700 and all mes-
sages from the autotutor are relayed through the min1COmputer. The
: major information link outside the minicomputer is that the experimenter

can interact directly with the autotutor.
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THE AUTOMATED TUTOR‘
The Printed Instructions
We decided to base thé Ceﬁching of FLO¥ on a set of printed‘in-
structions primarily becausé of ease éf preparation, flekibility, and
convénience of use for the student. Few new educational technologies
can rival the printed page which is self-paced porcabie easily search-

ed andvinexpensive. Figure 2 shows a typical portion of the instructions.

Tﬂe 1nstructioné ére divided into seven units, each of which in-
volves ‘three types of tasks' reading, enteting praccice programs, and
solving problems These chree types of tasks can be seen in Figure 2
The first part of the figure is explanatory text. Then there is a short
' progr&m using the new statement which the student can enter and run,

Finally the student is given a programming.problem.to-solve. A1l the-
units have this structure; there are one or more sections of text and
“practice programs, and then the student is given a problem to solve at
the end of the unit. We ask the student to not go on to the next sec~
tion until he {s told to. 1In fact the autotutor will send him on as
soon as he solves the problem. Tﬁe student can go back in ﬁhe instruc-
tions whenever he likes but we thought he should not move on to the
next unit until he had mastered the current unit. We were also afraid
the autotutor might have difficulty if it thought the student was work-
ing on Problem 4 when he was actually working on Problem 5,

New commands and statements are introduced in each section. With

typing amplification naive students often accidentally enter statements

which they know nothing about, leading to general confusion. To avoid
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this pr§blem. the minicomputer initially does‘nét féépond to any key
iran the student's keyboard. As the student moves through the in-
structions, keys are activated at the time that the corresponding state-
ments are introduced. While the student is working on Unit 1, for
instance, only the H P '.R,L, N and E keys are activated {corresponding
‘to HELP, PRINT ‘'string’, RUN LIST and NEW) Hhen the student successQ
fully Lampletes the prohlem at the end of unit 1, the auxotutgr gzves
him a congratulatory message, tells him to go on to Unit 2, and ac-

tivates the keys needed fof §hat‘unit.

Folluwingkthe Student

During the development of the autotutor, all its functioné Qere
originally carried out by a human tutor. Parts of the tutorial func-. .
tion were then taken over by the computer until it was completely autoa..
mated. The human tutor typically forms a rather simple model of the stu-
dent éontaining the following information:

1) where the student is in the instructions, and 2) his current program,
The human tutor refers to the inétructions aﬁd general knowledge to
generate: 3) the student's next expe;ted input, and 4) the maximum time

it should take him to enter the input. If the student entered the expect-
ed input¢, the human tutor would advance the student model to the next
point in the instructions. If the student entered an unexpected input,
the tutor would use the instructions and general world knowledge to try
and deduce why the student had ?one that, and where he now was in the

instructions., Rather than have the autotutor generate maximum pause
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lengths and the meaning of unéxpectéd inputs froﬁ the iﬁsﬁruction#
as a hu@an tutor does, we decided tha; that would be téo difficult a
tésk and entered the maximum pause length and a lisﬁ of iﬁputs explic-
itly for each state.

One of the major tasks of the autotutor is to follow ﬁhe stu~
dent. The studenﬁ normally proceeds séquentially thrbﬁgh the instruc-
tion#. But from time to time he may make errors and decide to repeat
things or even go back to an earlier par* of the 1nstructions. A con-
fident student may skip over‘some of the practice prpgrams and start
immediétéiyﬂon“thé problem, Thruugh“éii this, thé'autotutotuﬁbnitﬂfé"'H”“M
what the student is typing into\his_térﬁinai and tries to keep track
of where he is in the instructions.

The instructional sequence.is divided into 136 states.  During
fhe practice parts of the instructions, a staté &sda]ly.c&rreéponds to a
- FLOW scatemént or comﬁand, although in the first unit, states may cor-
respond to individual characters and partial commands. During the prob-
lem part of the instructions, each problem corresponds to essentially
a single state. Each state has associated with {4t a list of information
which the autotutor uses to follow the student. These states and their
associated lists are all that the autotutor knows about the instruc-
tions. Because the autotutor employs two distinct strategies for the
practice states and the problem states, we will discuss each of these

separately,

Practice
The autotutor gives three types of messages during the practice
part of a unit: 1) standard messages in response to a request for help,

or if the student pauses too long, based on the next expected input
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(Try typing a ) 2) messages in response to a serious error,
(usually @ NEW oot of sequence) which tell what should have been typed
and send the student back to a previous section to try again (You sﬁou}d
have typed ; please go back to Section ____ ); 3) speéial messagés
peculiar to a givgn stafe or class of states which clarify usage.of cer=
tain kevs or commands or e#plain proéedureé (e.g,; 1f during the first
unit the student. cypes the letter i S whan he: should have typcd the num-’
ber "0" he gets the message, M"Zero (0) is located to the right of 9
an':‘pSe ;he letter O for'zerq.")
‘To {1lustrate how the éi{to:ﬁcoi— works when the student is in the
pfa;tigevparfjgf the 1nstfﬁctibns,'léf‘é'look‘iﬁAdetail'at'oﬁé'xéctioﬁ
of the instructions in Figure 2. In this unit we introduce the PRINT
RETURN 4tateﬁeut In the practice part we give a brief. explaration of
- the statement and then a practice program using the new statement which
the student is expected to enter and run, |
When the student successfully completes the previous problem
 (Problem 2) the autotutor's model of the student enters State 276. (The
states are not all numbered consecutively.) When the student then enters
a NEW command, the minicomputer erases the screem and gives the student
a line number (010) for his new program. Meanwhile the autotutor advances
the student model to State 277. We will examine State 277 in detail.
Associated with State 277 are four possible student inputs and a
~maximum pause length. The autotutor thinks that the student is about
to type in the practice program and waits for a student input. The five

inputs which it is looking for in particular arc:
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PRINT *HELIC ‘This is what the autotutor expected and it simply

advances the student model to the next state
(State 278).

PRINT 'BASKET' This is the first statement for the solution of
Problem 2, so the autotutor assumes that the stu-
dent has skipped the practice section and advances
the student model to the beginning of Froblem 2
(State 282).

PRINT 'anything else' The autotutor assumes that it just has a creative
’ student who didn't 1ike the word HELLO and advanc-
- es him to State 278.

NEW The autotutor assumes that the student had made
' ‘ some errors and decided to begin again. The stu-
~dent model is kept in State 277, and to keep some
control ovar the chaos, the student is asked to
~ start at Saction 13.

HELP " The autotutor sends the message: TRY TYPING A
~ . PRINT 'HELLO'. The student model remains in
State 277.

Any other input is assumed to be an error wbich the student will notice and .

correct. The student model is left in State 277.

Thé méximum pause length for stété 277 is 30 seconds. Failure to presé‘any
key for 30 seconds is éqﬁivalent to typing HELP. The sﬁudent gets the mes-
éage "TRY TYPING A PRINT 'HELLO'" and the student model remains iﬁ State 277.
(The maxiﬁum pause lengths, which vary from 30 seconds to 5 minutes are en-

tered explicitly by the experimenter.)

'Prublems

When the student finishes the practice part of the instructions, the
student model is advanced to the state corresponding to the next problem.
A problem essentially correspondé to a single state; running a correct solu-
tion to the problem advances the student to the next state. Associated

with each problem state, the autotutor has a program which is a correct
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solution of the problem, If the progra@ requires input (in FLOW, that
wou 1d Be fn the form of a TQXT statement), the autctuch will also have
several tést inputs."As the student types in his program, the miﬁicbmput?
er seﬁds the statements to the autotutor.

1f the student ruﬁs his pfogram, asks for help or éauses too long,
the autotutor runs the student's program along with the correc: program.,_
‘substituting in its test 1nputs tf necessary. if the two programs gen-
Aerate esqentially che same output, the scudent’s program is judged correct,
and the student 1s given a congratulatory message and sent on to the mext
unit. The autotutor is somewhat lemient about certain discrepancies in
the stndent's éut§Qt such‘ag'éxtra'Spacés. Within the ra;herismAIIHSCoﬁe
of FLOW and the programming problems we use, our procedure of comparing
the dutputs of a correct prdgram and thé\#tudenc's prégram works quite well.
”If the outputs are not essentially the same, the autotutor does a line
by tine ccmparison of the programs and informs the student of the first
discrepancy it finds between the student's program and the correct program.

The program is viewed topologically as groups of non-contro] state-
ments bounded by control statements. (Control statements alter the 1inear
flow of command of execution; they are STOP, JUMP TO nnn, and IF IT IS 'c!
JUMP TO nnn.) The non-control parts are examined statement by statement
as previously described. When a control statement is encountered,
the branch is taken to the new portion of the program and this is examin-
ed. This is a recursive process, and if this new portion passes inspec-
tion, then the statement following the initial control statement is examined.

Thus the whole executable program will be canvassed for errors.
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Example of a Tutorial Interaction

To illuqtrate the action o the autotutor, we will pre%eht a puf-
tion of a tuturial interaction alnng with the autotutor's intcrpretation
of the situation in terms of its modification of the é:udént4modél. Al-
though this dialog is taken from‘aqtuaI tutorials, we héve blended to-
gethér several tutorials with different studénts to be abié fo éhow a
variety of htudent errors and. how the autotutor handles them. As wé

start this exnerpt, the qtudent has juqt correctly qolved Problem 2
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Summary of the Automated Tutor

As the student works trom written instrugtions, the autotutor mon-
iturs the student's keyboard inputs and tries to follow the stu-
dent's progress through a series of states corresponding to the written
instructions. The states ;orresponding to the practice parts of the in-
Asttuc:tons haVe an expected pause length and a list of possible 1nputs
associated with them. Corresponding to eggh possible input is a destina-
tion state ‘and possibly a message. In a given state, 1f‘thé student
types in one_bf the inputs on the list, the adtotucor printsibut.the
meﬂsage if any and advances the model of the student to the destination -
state, If the etudent typeq in an input not on the liwt, the student
model remains in the same state. Except for these messages, ‘which are
rare, the only time that the student is aware of the presence of the
~autotutor is when he asks for help or pauses for a long time and exceeds
the expected pause length. Then the autotutor prompts the student with
the nékt éxpected input,

Somewhat surprisingly it has been our experience that the autotutor
usually makes fewer errors in following the student through the practice
parts than a human tutor. Analysis of protocols from early sessions with
human tutors showed that the human tutors often were quite mistaken in
their judgments of where the student was in the instructions. The main
problem seemed to be that crucial key presses were missed due to lack
of attention., Of course, eternal vigilance is one of the supreme virtues

of a computer, and thic seems to give it the edge in this task,
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The operation of the autotutor wﬁile ihe Qtudeﬁt is Qaf&ing 6n a
problem is much differcnt. Here the autotutor only has an usample of a
correct solution to the programming ﬁrnblem. With the eﬁéebticn cf twé
messages which are sometimes given early in the problem, all of the mes-
sages from the autotutur are generated a}gorithmically based 01 a ~ compar-
1san of the student s pregram‘and the correct prOgram. In additian to
aqsisting :he scuden: with an incarrect program, the autotutor also runs
the studenc 8 program whenever the student runs it, and if tha pragram

seems cot:ect the autotutor congratulates the student and asks him to-

ﬂtart on the next unit ST



SUBSEQUENT DEVELOPMENTS

Command Names

Students learning FLOW often found some of cﬁe names of FLOW
statements and commands obscure or confusiﬁg. In an effort‘to,claiify
their functioﬂs we have renamed many of the instructions. Table 2
lists the old instructions and the eorresponding new instruc:ion.

We have also al:ered che display generated by the HALK command
to make it clearer what 1is happening' eight lines of the student’s pr04 
gram ‘are disptayed oni the upper purtion of the screem along with a

pointer indica:ing the stacement ‘urrently being executed

AConeegtual FLOW

One of our ofiginal interests was to teach éﬁudenté the FLOW

. ‘commands and staﬁemencs and séudy the spontanecué develoﬁment of prograﬁ-
'.ming concepts. Thus the written instructions and automated tutor des-
c¢ribed in this report are oriented around the statements in the FLOW
language. Concepts such as control transfer and loops are not explicitly
treated. Some tutorials we have conducted indicate that instruction bas-
ed on programming concepts rather than the specific statements would be
more fruitful, especially for students with no previous experience with
computers or programming. To produce a FLOW instructional system similar
to the one discussed here but with a conceptual emphasis would involve
rewriting the instructions and modifying the autotutor to analyze student

programs in temms of the relevant concepts. An interest of ours, in
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anothey part ﬁf thé FIOW study, is the manner in which students form their
developing knoﬁiedgo into schemata, These scﬁémata usﬁally seem ﬁo be con-
cerned with conceptg such as loéps. .A version of instruétioﬁ in FLOQ
oriented towards the programming concepts would thus also connect in more

directly with our studies of schemata snd how they are used in learning.
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TABLE 1
'FLOW INSTRUCTIONS

Commands ‘
HELP . ' Requests help from tutor or autotutor.
~ NEW ) - Erases chfrent prograhQ
~ RUN AR Runs current program.
WALK Steps through the current program. One line of the pro-
i gram is executed each time the space bar is pressed.
The program statements are d18played as they are execut-
ed on the upper part of the screen, variables are dis-
played in the middle of the screen, and any resulting
output is displayed in the lower part of the screen,
- This command {s a very useful debugging aia.
LIST ‘ Displays the currenélpfééfam;

 Program Statements

gﬁxur ‘character string' Displays the character string

ggINT gETﬁRN 'Does a carriage return and line feed.
ERINT IT - , o Displays the variable IT.
JUMP TO pnn Statement number nnn {s executed next., (If there is no

statement with line number nnn, the statement with che
next highest line number is executed. If all the line
numbers are lower than nnn, the program stops.)

- TEXT 1S 'string' Defines a character string to be used as data.
GET IT Sets the variable IT to successive characters in the TEXT
o statement.
IF IT IS *x' JUMP TO nnn If the variable IT is the same as the character in quotes,

the JUMP is performed.

COMMENT character string No effect.

MAKE COUNTER ZERO

- ADD ONE TO COUNTER
DECREASE COUNTER BY ONE

PxiINT COUNTER Displays the variable COUNTER.
IF COUNTER IS *dddd JUMP TO nnn




TABLE 1 (cont'd.)

Notes: System Commands are executed {mmediately on entry. Program statements are
used to write stored programs.

The COMHENT statement and the ones béioﬁ it were »ot used in the studies des-
cribed in this report.

The prdgrammét tyﬁes in quiy_the_underlined-chgracters, the comﬁucef supplies
the rest. (See the section on Typing Amplificatiom.)

The programmer must type in the first two letters of the NEW commsnd. This -
is designed to help prevent accidental erasure of programs. .

The lower case letters in the statements correspond to slots to be filled in .
by the programmer. In particular, the phrases "'character string" or "string"
can be replaced by any string of characters and the phrases "dddd"" and “nnn"
are meant to be replaced by numbers of up to 4 and 3 digits respectively.




TABLE 2
NEW FLOW INSTRUCTIONS

01d Instructgoﬁ- : : : - New Ianstruction

L | HELP
NEW | | R ERASE
RUN | | RUN
WA W |
- LIST : LIST S
'BRINT 'strimg’ . . . . . DISPLAY "string"
PRINT IT | .~ DISPIAY VARIABLE
PRINT COUNTER | DISPLAY COUNTER
PRINT RETURN - BEGIN ON NEXT LINE
J0MP 10 pan JUMP TO nmn
TEXT IS ‘string’ TEXT 1S "string"
GET IT GET VARIABLE
IF IT IS 'x' JUMP TO pmn IF VARIABLE IS "x" JUMP TO nnn
STOP QUIT
MAKE COUNTER ZERO MAKE COUNTER ZERO
. ADD ONE TO COUNTER ADD ONE TO COUNTER
DECREASE COUNTER BY ONE SUBTRACT ONE FROM COUNTER

IF COUNTER IS fdddd JUMP TO nnn  IF COUNTER IS tddd JUMP TO nnn
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PROBLEM 13:

Sectidn 12

You are now going ﬁo'learn how to make the coﬁputex typé a vertical

string of BASKETs, with each word on separatc line. That is, the

result should look like ‘this: o
BASKET

BASKET
 BASKET

BASKET
Section 13 '
You qhould finé Ehis an easy program tb write. But you need one
a new line. We do that by printing a carriage return:
PRINT RETURN
(Note that no quote marks are used for this command )
Here's a program using PRINT RETURN
010 PRINT ‘HELLO'
013 PRINT RETURN
020 PRINT 'GOODBYE'
Type NE. Then type in this program and run it.
The computer will print:
RUN
HELIO
GOODBYE
HALT
030
Section 14
Now try Problem 3: Modify your program from Problem 2 (see Sec. 9) to
make the computer print an endless vertical string of BASKETs, one on

each line, using the procedures given on Page 3 for modifying your pro-
gram.

After you've made your modifications, 1ist your new program to see what
it looks like. Then run the program to be sure it works.

Figure 2

A Portion of the Printed Instructions



. Navy
" 4 Dr. Marshall J. Farr, Director

Personnel and Training Research Programs

Office of Naval Research (Code !.58)
Arlington, VA 22217

1 ONR Branch Office

495 Summer Street

Boston, MA 02210

ATTN: Research Psychologist

1 ONR Branch Office

1030 East Green Street
Pasadena, CA 91101
ATTN: E.E. Gloye

" 1 ONR Branch Office

536 South Clark Street.
Chicago, IL (0605
ATTN: M.A. Bertin .

Director ' '
Naval Research Laboratory
Code 2627 ,
Washington, BC 20390

Defense Documentation Center
Cameron ‘Station, Building 5
5010 Duke Street

Alexandria, VA 22314

‘ Special Assistant for Manpower
OASN (M&RA)

Pentagon, Room 4E794
‘Washington, DC 20350

LCIR Charles J. Theisen, Jr., MSC, USN
4024

Naval Air Development Center
Warminster, PA 1897,

Chief of Naval Reserve
Code 3055
~ New Orleans, LA 70146

Dr. ILee Miller

Naval Air Systems Command
ATR-413E

Washington, DC 20361

CAPT John F, Riley, USN
Commanding Officer

U.S. Naval Amphibious School
Coronado, CA 92155

bistribution List

Chairma.n

‘Behavioral Science Deparment

Naval Command & Management Division
U.S. Naval Acadc_my '

Luce Hall

Annapolis, MD 21402

Chief of Naval Education & Training
Naval Air Station -

Pensacola, FL 32508 "

ATTN: CAPT Bruce Stone, USN

Mr. Arnold Rubinstein

Raval Material Command (NAVMAT 03/,24)
Room 820, Crysta_’ Plaza #6
Washington, DC 20360

1 Commanding Officer

Naval Medical Neurops;vchlatric
"Research Unit :

San Diego, CA 92152

Director, Nav;r Occupational Task
Analysis Program (NOTAP)

- Navy Personnel Program Support

Activity .
Building 1304, Bolling AFB
Washington, DG 20336

Dr. Richard J. Niehaus

Office of Civilian Manpower Management
Code 06A

Washington, DC 20390

Department of the Navy

Office of Civilian Manpower Management
Code 263

Washington, DC 20390

Chief of Naval Operations (OP-98‘7E)
Department of the Navy
Washington, DC 20350

Superintendent

Raval Postgraduate School
Monterey, €A 93940
ATTN: Library (Code 2124)

Commander, Navy Recruiting Command
4015 Wilson Boulcvard

Arlington, VA 22203

ATTN: Code 015

Mr. George N. Graine
Naval Ship Systems Command
SHIPS 047C12

Vashington, DC 20362



Chief of Naval Technical Training
Naval Air Station Memphis (75)
Millington, TN 38054

ATIN: . Dr. Norman J. Kerr

Commanding Officer
Service School Command
U.S. Naval Training Center
San Diego, CA 92133
ATIN: Code 3030

Dr. William L. Maloy -
Principal Civilian Advisor

for Education & Training :
Naval Training Command, Code OlA
Pensacola, FL 32508

Dr. Alfred F. Smode, Staff Consultant
Training Analysis & Evaluation Group
Naval Training Equipnent Center

Code N-0OT

Orlando, FL 32813

Dr. Hanns H. Wolff

Technical Director (Code N-2)
Naval Training Equipment Center
Orlando, FL. 32813 '

Chief of Naval Training Support
Code N-21

Building 45

Naval Air Station

Pensacola, FL 32508

- Dr., Robért French
-Naval Undersea Center
San Diego, CA 92132

CIR Richard L. Martin, USN
M ghter Squadron 124
- NAS Miramar, CA 92145

br. John Ftord
Navy Personnel R&D Center

San Diego, CA 92152

Navy Persomnel R&D Center
San Diego, CA 92152
ATTN: .Code 10

D. M. Gragg, CAPT, MC, USN
Head, Educational Programs Development

Department
Naval Health Sciences E3ucation and

Training Command
Bethesda, MD 20014

Arny
1 Headquarters

UeS. Army Administration Centar

Personnel Administration Combat
Development Activity

ATCP-HRO

Ft. Benjamin Harrison, IN 46249

Armed Forces Staff Cbllege
Norfolk; VA 23511
AT'I'N; .Liba.'ary :
Director of Research
U.S, Army Armor Human Research Unit

Building 2422 Morade Street
Fort Knox, KY 40121

A’PTN: Library

~ Commandant -~ "

United States Amy Ini‘antry School
ATTN: ATSH-DET
Fort. Benning, GA 31905 .

Deputy Comander -

UeS. Army Institute of Administration
Fort Benjamin Harrison, IN 46216
AT‘I‘N: EA

Dr. Frank J. Harris

U.S, Army Research Institute
1300 Wilson Boulevard
Arlington, VA 22209

Dr. Ralph Dusek

U.Se Am Research Institate
1300 Wilson Boulevard
Arlington, VA 22209

Mr. Edmund F. Fuchs

U.S. Army Research Institute
1300 Wilson Boulevard
Arlington, VA

Dr. Leon H. Nawrocki
U.S. Army Research Institute
1300 Wilson Boulevard
Arlington, VA 22209

Dr. J.E. Uhlaner, Technical Director
U.S. Army Research Institute

1300 Wilson Boulevard

Arlington, VA 22209

Dr. Joseph Ward

U.S, Army Research Institute
1300 Wilson Boulevard
Arlington, VA 22209

HQ USAREIR & 7th Army
ODCSOPS

USAREUR Director of GED
APO New York (09403



‘ber Govermment

Dr. Eric McWilliams, Program Manager
- Technology and Systems, TIE
National Science Foundation
- ‘Waghington, DC 20550

Dr. Andrew R. Molnar

Technological Innovations in Education
- National {cience Foundstion

' Washington, DC 20550 '

. Dp. Marghall S. Smith -

~ Asst Acting Director

~ Program on Essential Skills L

" National Institute of Education ==
Brown Bldg, Rm 815

19th and M St., N.W.

Washingten, D.C. 20208

asSgellaneous
. Dr. Soarvia B. Anderson
Edncational Testing Service

17 Exscutive Park Drive, N.E.
Atlanta, GA 30329

~Dr. John Annett

~ The Open University
- Milton Keynes

- Buckinghamshire

. Dr. Richard C. Atkinson
- Stanford University

. Department of Psychology
. Stanford, CA 94305

Mr. Kenneth M. Bromberg
Manager - Washington Operations
. Information Concepts, Inc.
‘1701 North Fort Myer Drive
Arlington, VA 22209

Dr. Ronald P. Carver
School of Education
University of Missouri--Kansas City

‘Kansas City, MO 64110
: , e,

Dr. Allan M. Collins |
Bolt Beranek and Newman, Ine.

. 50 Moulton Street

Cambridge, MA 02138

Dr. H. Peter Dachler
University of Maryland

Department of Psychology
College Park, MD 20742

- Dr. Rene' V. Dawis
University of Minnhesota

Department of Psychology

‘Minneapolis, MN 55,55

ERIC
Processing and Reference Facility

4833 Rugby Avnue

Bothesda, MD 20014

Dr. Victor Fields
Montgomery College
Department of Psychology
Rockville, MD 20850

Dr. Edwin A. Fleishman

American Institutes for Research
Foxhall Square =

3301 Rew Mexico Avenue, N.W.
Washington, DC 20016

Dr. Robert Glaser, Director
University of Pittsburgh

Learning Research & Development Center
Pittsburgh, PA 15213

Dr. Henry J. Hamburger
Univeraity of California
School of Social Sciences
Irvine, CA 9266&4

Dr. M,D, Havron

Human Sciences Research, Inc.
7710 014 Spring House Road
West Gate Industrial Park
Mclean, VA 22101

HumRRO

Division No. 3

P.C. Box 5787

Presidio of Monterey, CA 93940



Air Foggé

1 Research Branch
AF/DPHYAR
Randolph AFB, TX 7814-8

1 Dr. G.A. Eckstrand ( AFHRL/AS)
Wright-Patterson AFB
Obio 45433

1 Dr. Ross L. Morgan (AFIWAST)
Wright-Patterson AFB

Ohio 45433

1
Stop #63
Lackland AFB, X 73236

1 Dr. Martin Rockway (AFHRL/TT)
Lowry AFB
Colorado” 80230

1 Hajor P.J. De!so
Instructional Technology &'a.nch
AF Thmman Resources Laboratory
Lowry AFB, CO 80230

1 AFOSR/NL -
1400 Wilson Boulevard
| Arlington, VA 22209
1 Commandant
USAF School of Aercospace Medicine

Aercmedical Library
Brooks AFB, TX 73235

1 Dr. Sylvia R. Mayer (MCIT)
Headquarters Electronic Systems Divisior
LG Hanscom Field
Bedford, MA 01730

1 CAPT Jack Thorpe, USAF
Flying Training Division (HRL)
Williams AFB, AZ 85224

Coast Guard

1 Mr. Joseph J. Cowan, Chlef .
Psychological Research Branch (G-P-1/62;
U.S. Coast Guard Headquarters

Washington, DC 20590

Ha_ C’qr '

1 Mr. E.A. Dover
Manpower Measurement Unit (Code MPI
~ Arlington Annex, Room 2413
Arlington, VA 20380

1 Commandant of the Marine Corps

Headquarters, U.S. Marine Corps
Code MPI-20
Washington, DC 20380

1 Director, Office cf Manpower Utiliza
| rters, Marine Corps (Code MFU
MCB (Building 200%)

Quantico, VA 22134,

1 Dr. A.L. Slafkosky

Scientific Advisor (Code RD-1)
-Headquarters, U.S. Marine Corps |

Washington, DC 20380 -

%‘eg DOD

1 Lt. Col. Henry L. Taylor, USAF
Military Assistant for Human Resom'
OAD (ERLS) ODDR&E
Pentagon, Room 3D129
Washington, DC 20301

1 Mr. William J. Stormer
DOD Computer Institute
Washington Navy Yard, Building 175
Washington, DC 20374

1 Col. Austin W. Kihler
Advanced Research Projects Agency
Human Resources Research Office
1400 Wilson Boulevard
Arlington, VA 22209

1 Helga L. Yeich
Advanced Research Projects Agency
Manpowsr Management Office
1400 Wilson Batlevard
Arlington, VA 22209



HumRRO o
Division No. 4, In!‘antry
P.0. Box 2036
Fort Benning, GA 31905

HumRRO ’

Division No. 5, Air Defanse
P-O‘ Box (3057

Fort Bliss, TX

Dr. Lawrence B. Johmson -
Lawrence Johnson & Asaociates, Inc.
200 8, Street, N,W., Suite 502
Washington, DC 20009

Dr. Milton S. Kat:
MITRE Corporation :
Westgate Rescarch Center
HcLean, VA 22101

Dr. Steven u Keele
University of Oregon

Department of Psychology
Eugene, OR 9'/40_3 -

Dr. David Klahr

- Carnegie-Mellon University

Department of Psychology
Pittsburgh, PA 15213

Dr. Robert R. Mackie

Human Factors Research, Inc.
6780 Cortona Drive

Santa Barbara Research Park
Goleta, CA 93017

1 Mr. Brian McNally

Eiucational Testing Service
Princeton, NJ 08540

1 Mr, A. J. PG&Ch, President

l

Eclsctech Associates, Inc.
P.0. Box 178
North Stoningten, CT  0€359

Mr. Luigi Petrullo
2431 North Edgewood Street
Arlington, VA 22207

i Jose;b W. Rigne

University of Southern California
Behavioral Technology Laboratories
3717 South Grand

Los Angeles, CA 90007

Dr. Leonard L. Rosenbaum, Chairman
Montgomery College '
Department of Psychology
Rockville, MD 20850

 Dr. Ceorge E. Rowland

Rowland and Company, Inc.
P.0. Box &1
Haddonfield, NJ 08033

Dr. Arthur I. Siegel -
Applied Psychological Services
404 East Lancaster Avenue
Wayme, PA~ 19087 .

1428 Virginia Avenue
Glendale, CA 91202

Mr. Demnis J. Sullivan
725 Benson Way
Thousand Oaks, CcA 91360

Dr. Benton J. Underwood
Northwestern University

Departxent of Psychology
Evanston, IL 60201

Dr. David J. Weiss
University of Minnesota
Department of Psychology
Minneapolis, MN 55455

Dr. Anita West

Denver Research Institute
University of Denver
Denver, CO 80210

Dr. Remmeth N. Wexler
University of California
School of Social Sciences
Irvine, CA 92664



